Polycyclic aromatic hydrocarbons are very stable compounds and tend to bioaccumulate in the 28 environment due to their high degree of conjugation and aromaticity. Hydrous pyrolysis is explored as a 29 technique for the treatment of industrial water containing PAH, using anthracene as a model compound. 30
Introduction 49
Anthracene (C 14 H 10 ) belongs to a class of organic compounds termed polycyclic aromatic hydrocarbons 50 (PAHs). Anthracene can vary in appearance from a colourless to pale yellow crystal-like solid. Like 51 other PAHs, though anthracene can be naturally occurring, it is also formed when products like coal, oil, 52 gas, and garbage undergo incomplete combustion (ATSDR, 2010) . In the aluminium industry, PAHs 53 including anthracene are generated at the anode in the Soderberg electrolytic furnace (AFFG, 2005) . 54
Anthracene like all PAHs, is stable and persistent in the environment due to its slow response to 55 biodegradation (Cheung et al., 2008) . Anthracene tends to bioaccumulate in aquatic life, and is highly 56 toxic to wildlife. In water, anthracene tends to bind fairly strongly to sediments and any other solid 57 matter, but a small proportion can leach to groundwaters (SEPA, 2010) and is thus a potential 58 environmental problem. 59
Several studies have been carried out on the reactivity of anthracene. Anthracene has been reported to 60 undergo selective oxidation at the 9, 10 positions in the presence of V 2 O 5 /SiO 2 catalyst (Bonfranceschi, 61 et al, 2002) . This is a useful intermediate process with a 99% yield of anthraquinone which is applicable 62 in the dye industry and also in the synthesis of hydrogen peroxide (UEIC, 1998). Oxidation of 63 anthracene to anthraquinone has been achieved in the presence of 'air/oxygen/nitric acid', 'nitrogen 64 dioxide in acetic acid' among others (Das, Das, 1982) . A number of PAHs including anthracene have 65 also been oxidised to CO 2 and benzene polycarboxylic acid groups with a RuO 4 catalyst (Menendez et 66 al., 2000) . 67
Hydrogenation of anthracene has also been investigated in several studies, and a procedure which 68 converts anthracene to 9, 10-dihydroanthracene at a relatively low temperature of 80 o C in the presence 69 of tetralin in SbC1 3 has been published (Buchanan et al., 2010) . Catalytic hydrogenation with palladium 70 4 on several support systems and H 2 has been done on Benzo[a]pyrene (B[a]P) and phenanthrene as 71 models (Yuan, Marshall, 2007 The present study seeks to look at alternative routes of converting anthracene to less toxic and or less 77 persistent derivatives. A novel catalyst in this context is Nafion which has successfully been used in the 78 oxidation as well as reduction of anthracene. Nafion is a perfluorosulfonic acid resin, which is a 79 copolymer of tetrafluoroethene and a perfluorosulfonylether derivative. It is a strong Brønsted acid 80 (Olah et al., 1986 in Laufer et al., 2005 . The silicate supported Nafion catalyst; Nafion-SiO 2 has the 81 acid catalyst properties of Nafion resin with the high surface area characteristic of silica as a porous 82 support (Lim et al., 2009 
Experimental Section 86
The extent of reactivity of anthracene under different pyrolysis conditions has been studied using 87 stainless steel 316 pyrolysis reactors. The reaction products were analysed by GC-MS. A Thermo 88
Scientific DSQ II Gas Chromatography-Mass Spectrometry (GC-MS) with Trace GC Ultra furnished 89 with a single quadrupole analyser and supporting NIST Library was used for the identification and 90 quantification of peaks. No analyses of gaseous products of hydrous pyrolysis were performed. 91 
Products of hydrous pyrolysis of anthracene with formic acid at 400 o C 194
In this part of the work, formic acid was used as a hydrogen donor at supercritical water conditions. 195
Successful hydrogenation was observed from 9.7 -47.2% for 24 -96 h [ Table 2 ]. The major products 196 were 9, 10-dihydroanthracene and 1, 2, 3, 4 -tetrahydroanthracene. Traces of 1, 2, 3, 4, 5, 6 -197 octahydroanthracene were observed but were found to be less than 2% of the peak area. in this work, gas phase products were not analysed. 225
Products of hydrous pyrolysis of anthracene with Nafion-SiO 2 at 300 o C 226
The mass ratio of the reactant and catalyst in this process was 1:1 (Anthracene: Nafion-SiO 2 ) together 227 with 1 ml of deionised H 2 O. Under these conditions, anthracene was completely oxidised with oxygen 228 from air in the presence of Nafion-SiO 2 catalyst in 6 h. Reaction at 1 h duration did not yield any 229 oxidised products but oxidisation was observed from 2 h until complete decay of anthracene at 6 h. The 230 only product formed from this reaction was 9, 10 -anthracenedione, thus giving a high level of 231 specificity in the reaction. Anthraquinone is a very useful material in a number of industrial processes 232 such as catalyst for pulp manufacture and raw material for bird and insect repellent (Anthraquinone Fact 233
Sheet, 1998). 234
This method of oxidation of anthracene is novel and there is no record of the procedure in literature. The mass ratio of the reactant and catalyst in this process is 1:1:0.2 (Anthracene: Nafion-SiO 2 : Pd-C) 247 together with 1 ml of water and 0.1 ml of formic acid. 248
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hydrogenation yields ranged from 58.3% within 1 hour to 100% in 8 h. The products were 251 predominantly 9, 10 -dihydoranthracene and 1, 2, 3, 4 -tetrahydroanthracene with minor quantities of 252 isomers of 1, 2, 3, 4, 5, 6, 7, 8 -octahydroanthracene at 7 and 8 h respectively. 253
This method can also be considered novel since it is the first attempt at using the Nafion-SiO 2 and Pd-C 254 catalyst systems and HCOOH in hydrogenation of polycyclic aromatics. 255
The catalytic hydrogenation of aromatics by Nafion-SiO 2 / Pd-C catalyst system has been successfully 256 used to hydrogenate bio-derived phenols (Zhao et al., 2010) . It is however worth mentioning that 257 
